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Abstract 
Creativity of mathematicians plays a vital role when new mathematical ideas are formulated. It is evident that studying the way in 
which mathematical ideas are created in a mathematicians’ mind is worthwhile for investigation. Creativity in the domain of 
mathematics is defined in this paper. Research findings illustrating the workings of the mathematician’s mind while engaged in 
the creative process and its characteristics are described. In order to demonstrate this process, a model of creativity is reviewed. 
The criteria for the acceptance of new ideas in mathematics as creative are also enumerated. 
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1. Introduction 
Creativity is related to how to build the subtle ideas of research in the mind of an individual (Tall, 1991). Such 
ideas cannot be seen by everyone but are nevertheless vital and do exist. Creativity is considered as one of the 
complicated subjects in psychology. Sternberg and Lubart (1995) believe that creativity is an expression which is 
sometimes mired in myth and ambiguity. Although there is not a general agreement on what creativity actually is 
(Wallace, 1986; Haylock, 1987), most definitions have common emphases. Some of definitions refer to creativity as 
a style of thinking that is both a potential and an ability of individuals to generate creative works; some address the 
creative processes as a series of stages which is necessary for generating new ideas, whereas others consider the 
final creation or product. For example, an idea or product which is original and appropriate is called creative. 
Creativity is a mental process that generates novel, unique, and intuitive solutions to a given problem. 
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2. Creativity in Mathematics 
Some researchers believe that defining mathematical creativity is a difficult task. The majority of the existing 
definitions of mathematical creativity are unclear or vague, and there is not a precise standard definition of 
mathematical creativity (Mann, 2005; Sriraman, 2005, Haylock, 1987). Mathematical creativity is often considered 
as the limited domain of expert mathematicians (Sriraman, 2005). Ervynck (1991) states that generating helpful 
mathematical concepts through combining previously familiar concepts or discovering unfamiliar relations among 
mathematical facts can be taken into account as a creative work in mathematics. Also, he emphasizes that creativity 
assists the creation of plausible conjectures to be made in the development of mathematical theories and the 
construction of new mathematical knowledge. Sriraman (2009a) asserts that creativity is not only the work of 
professional mathematicians but anyone who discovers something which they do not know is also creative even if 
others are aware of the findings. For instance, when students solve a problem with a known solution this is 
considered creative. Since defining creativity only based on novelty and helpfulness is not practical for the 
identification and development of creative thinking in school, some researchers make a distinction between the 
definition of mathematical creativity of students and professionals (Shriki, 2010). At school, "one normally does not 
expect works of extraordinary creativity; however, it is certainly feasible for students to offer new insights into a 
math problem" (Sriraman, 2005, p. 23; Liljedahl &Sriraman, 2006). In this regard, Sriraman (Liljedahl &Sriraman, 
2006) proposes that at the professional levels, mathematical creativity can be defined as the ability to generate novel 
work that meaningfully expands the known bounds of mathematical knowledge and/or providing avenues of new 
issues for other mathematicians.  Also, for school students, it can be defined as the process that provides novel or 
insightful solutions to a given problem, the possibility that allows a problem to be considered from a new 
perspective, the opportunity to seek new ways to solve an old problem and the formulation of new questions 
(Sriraman, 2005, p. 23; Liljedahl &Sriraman, 2006). It seems that some researchers believe that, at the school levels, 
creativity in mathematics is commonly related to problem solving or problem posing (e.g., Chamberlin& Moon, 
2005; Silver, 1997; Sriraman, 2009a; Liljedahl &Sriraman, 2006; Ellwood et al., 2009; Posamentier, Smith & 
Stepelman, 2010; Haylock,1987). Plucker, Beghetto and Dow (2004) reflect on creativity as an essential component 
of problem solving. Chamberlin and Moon (2005) consider creativity in mathematics as a unique ability to produce 
original and helpful solutions to simulated or real practical questions using mathematical modelling. Posamentier, 
Smith and Stepelman, (2010) believed that “solving a problem is like inventing something new” (p. 121).  Creative 
problem solving should not be neglected during mathematics curriculum development at all levels of education, both 
at university and in school. Students should have a lot of opportunities to engage in challenging mathematics 
problems which will lead them to experience mathematical creativity. But, it appears that classroom practices often 
do not put enough stress on this aspect of teaching and learning mathematics. It is evident that understanding the way in 
which mathematical ideas are created in a mathematicians’ mind helps educators develop mathematical creativity at all 
levels of education. Now we focus on the mathematicians’ thinking processes when generating new mathematical 
ideas and developing mathematical theories. 
3. How mathematicians create their new ideas: A model 
One of the most popular explanations of the process of creative problem solving†is the model which is proposed 
by Wallas. Wallas (1926) developed a four-stage model of creative processes including preparation, incubation, 
illumination and verification. Based on the four-stage model, Haylock (1987), states that reflection on the procedure 
of problem-solving is an important part of creativity in mathematics. In the preparation stage, one consciously works 
hard on a new problem or idea. Sometimes an impasse has been reached and taking a break may assist the solution 
process. Moreover, it seems that mental rest facilitates renewal of abilities necessary for solving problems. 
Therefore, the second stage, incubation, begins. On the one hand, during the incubation stage, one forgets the 
problem for a time and the conscious mind is focused on other activities. On the other hand, the subconscious mind 
 
 
†- Owing to the fact that relates to an unfamiliar position, problem solving is considered a creative mathematical activity. 
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continues to process the information resulting in the illumination of insight or sudden awareness of a proper solution 
to the problem. Several studies have explored and confirmed the validity of this model in mathematics (Savic, 2012; 
Sriraman, 2009a). For instance, a qualitative study was conducted (Sriraman, 2009a) to find out about the 
applicability of the Wallas model with five creative mathematicians. Results showed that this model was still 
applicable and was used by mathematicians in the creative process. 
3.1. A modelof the process of creative problem solving 
The first stage of the Wallas model asserts that preparation highlights people’s experience when engaging 
consciously and freely with a challenging problem. In this stage one is eager and motivated to explore and collect 
required information that could be helpful in solving the problem, but no achievement and resolution to the problem 
is accomplished and some deficiencies and contradictions are seen in the collected facts which do not help in finding 
solutions and may cause deadlocks. When the creative thinker struggles for some time to solve a problem but is not 
successful the problem is intentionally put aside and no thought is given to it. Thus the second stage, incubation, 
starts. Probably many academicians have had this experience at least once, both in their everyday life and at work. 
In the academia, while struggling to solve problems without reaching the desired result one decides to deliberately 
put aside the problem; hence, incubation.  Thus, one lays aside intentionally an unsolved problem and takes a break 
which makes illumination possible as an unconscious activity resulting in the solution. In this way, the necessary 
insights are accomplished in solving the problem and ideas unexpectedly fit together and the solution is born. 
Helie& Sun (2012) stated that some approaches “to problem solving is often inefficient or ineffectivewhen the 
problem is too complex, poorly understood, or ambiguous. In such a case, amore intuitive or implicit approach to 
problem solving might be more appropriate. The role of implicit processes in producing creative solutions is called 
incubation” (p. 2).Investigations have been carried out on the existence of the incubation phenomenon in creative 
problem solving. Sio &Ormerod (2009a) reported a meta-analytic review of 117 empirical studies on the incubation 
period in problem solving. This report explaining the incubation period may allow us to utilize it effectively to 
promote creativity in different fields including problem solving, classroom learning, and working environments. The 
advantages of the incubation period are totally apparent for the mathematicians (Kaufman & Sternberg, 2006). An 
important task for of mathematics educators is to take into account effects of incubation periods in classroom 
activities which develop mathematical creativity. In spite of the fact that processes relating to the incubation stage 
are not completely clear (Chamorro-Premuzic, 2009; Helie & Sun, 2012), the literature puts forward many diverse 
hypotheses to clarify the mechanisms behind the incubation phenomenon in creative problem solving. Three 
important hypotheses are unconscious work (Kim, 2009; Wallas, 1926; Hadamard, 1945;Sio&Ormerod, 2009a, 
2009b;  Christensen, 2005;Liljedahl, 2004), forgetting fixation (Liljedahl, 2004; Zhong et al.,2008; Seabrook 
&Dienes, 2003; Vul&Pashler., 2007; Christensen, 2005; Davidson, 1995) and fatigue (Christensen, 2005; Sio 
&Ormerod, 2009a;  Sio &Ormerod, 2009b; Vul&Pashler, 2007, Ellwood et al., 2009). The unconscious work 
hypothesis focuses on the fact that in the incubation stage when the problem is not being actively considered, it is 
being processed unconsciously. The solver takes this time to divert concentration and attention from the problem to 
other matters which leads to the “Aha!” moment. Sriraman (2009c) states that the ‘Aha!’ feeling is “a moment of 
sublime clarity that brings an intuitive awareness of the answer to a problem with which one has been struggling. In 
other words, it is an effective experience that yields an insight into a hitherto unsolvable problem (p.37). In other 
words, this hypothesis states that sometimes the solver may reach a dead end or impasse after hard conscious efforts 
to solve the problem. The stage of incubation allows the necessary time to yield the required insight for exploring 
the problem from different aspects. Further insight into the mind that is an unforeseen and unexpected awareness 
about the solution or a clue on the pathway to solve the problem is reached. This leads to a break in the impasse and 
a solution is found. According to forgetting fixation hypothesis, during various initial solution attempts to solve the 
problem, the person frequently has overemphasized some techniques, procedures and relationships which are 
unrelated or false assumptions and have acted as blockers and barriers which prevent reaching a solution and lead to 
incorrect paths. When attention is diverted from the problem for some time and the creative thinker is focusing on 
other issues, this fixation is forgotten and the problem is approached with a fresh standpoint and new ways are 
sought to solve the problem. When the solver fixates on incorrect and unrelated assumptions no breakthrough is 
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found. However, during the incubation period everything is put aside and the mind does not deliberately focus on 
the problem and the previous solutions found. Therefore, the mind shifts and the components of the problem are 
restructured leading to processes that aid in finding the solution. Mann (2005) highlights breaking of a mindset that 
places restrictions on a person’s creativity and believes that overcoming fixation was required for creativity to 
emerge. Also, Kim (2009) states that by looking back over the history of discoveries we have found several 
successful problem solvers who were not grappling with the problem when a solution burst into their mind. The 
fatigue hypothesis, another prominent hypothesis of incubation, states that the person becomes fatigued mentally 
during hard work on the problem. The incubation period gives the solver an opportunity to take a rest and recover 
from mental exhaustion and recuperate mentally. In this way, the solver recovers the necessary abilities to solve the 
problem. Kim (2009) states that “The role of incubation may be to dispel fatigue or to help problem solvers disperse 
the effects of prior directions that set them on a rigid path” (p. 189). In order to summarize the three stages; 
preparation, incubation and illumination, first an intentional attempt is made to solve the problem, then it is  
consciously put aside and the solver is engaged in other activities – incubation period. This period will be successful 
if the preparation and incubation have been successfully completed. Next is illumination resulting in an “Aha!” 
moment.  Most of the time, this experience leads to the generation of a new method for solving the problem. It has 
been reported that usually the “Aha!” experience has a helpful and strongly transformative effect on a student's 
beliefs and attitudes towards mathematics and their capability to engage in mathematics (Sriraman & Lee, 2011).. 
Verification, the fourth and final stage is when the new idea is evaluated and analyzed. “In real-world organizations 
creative products need to be implemented – put into operation – to finalize the process. However, the 
implementation aspect of creativity includes some processes and requirements we may not intuitively associate with 
creativity itself, such as a need to communicate the product to the world or domain and persuade others of its 
novelty and usefulness” (Christensen, 2005, p. 190). This stage involves examining, improving, assessing, 
validating, writing out, controlling, persuading and lastly publishing the new idea. “verification stage is a second 
period of conscious thought in which the insight is verified, worked out in detail, evaluated and put in a form that 
can be communicated to others” (Haylock, 1987, p. 64). In the following section, some criteria for new ideas in 
mathematics which are considered creative are presented. In other words, we consider necessary characteristics for 
new insights in order to be verified by the mathematical community as an innovation in mathematics.  
4. Creative ideas in mathematics 
MacLane (cited in Kutateladze, 2007; Ervynck , 1991) proposes criteria which are required for the new idea to 
be labelled “good mathematics”. Criteria such as inevitable, clarifying, deep, relevant, responsive, original and 
timely. For instance, the criterion of clarifying helps more understanding and insight, the criterion of deep results in 
discovering unknown relationships and or the criterion of responsive points out that the creative product should be 
based on previous findings and often answer existing requirements. Also, Haylock (1987) states that in mathematics, 
the criteria of many, diverse and innovative ideas can be judged to be original only if it is considered appropriate by 
obvious mathematical facts. He exemplifies 9× 8 = 56 and that it might be an original idea, however, it is not 
considered creative because it is inappropriate by usual mathematical facts. In this regards, Leikin (2009), states that 
the beauty and elegance of a solution is an indication of mathematical creativity. She quotes from Mann (quoted in 
Leikin, 2009) that although the relationship between mathematical creativity and the elegance or beauty of a 
solution is complicated, the mathematical mind tries to find elegant products and processes that are generally 
developed beyond algorithms. Brinkmann and Sriraman (2009) point out that the first property of mathematical 
beauty is simplicity; a mathematical description should be short and concise. They conducted a study of examining 
the relationship between aesthetics and creativity among working mathematicians and concluded that the aesthetic 
appeal seems to play a vital role in the creative work of mathematicians and aesthetics is considered an essential 
component of mathematical creativity. As an example, the Pythagoreans believed that beauty deduced from the 
mathematical structure, lies in mathematical relationships (which were) thought to be independent but later found to 
be interdependent forming a unitary whole (Heisenberg, 1985, cited in Brinkmann &Sriraman 2009). 
Also, Hardy (1940) stated that: 
A mathematician, like a painter or a poet, is a maker of patterns. If his patterns are more permanent than 
theirs, it is because they are made with ideas. A painter makes patterns with shapes and colours, a poet 
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with words… A mathematician, on the other hand, has no material to work with but ideas, and so his 
patterns are likely to last longer, since ideas wear less with time than words. The mathematician’s 
patterns, like the painter’s or the poet’s must be beautiful; the ideas like the colours or the words, must fit 
together in a harmonious way (pp. 13, 14). 
 
This opinion is consistent with the view of Poincare. As earlier mentioned, Poincare (1948) believed that 
creating is to form, recognize and choose important and useful combinations (Sriraman& Lee, 2011)that are 
harmonious and beautiful. He pointed out the influence of aesthetic feeling while one chooses such combinations. 
The rules about how to choose these few important and useful combinations among possible combinations should be 
felt rather than based on formulas. This choice depends on the senses and is affected by one’s emotional sensibility. 
In the words of Hadamard (1945), “choice is directed by the sense of beauty” (p. 180) and “without a rather high 
degree of this aesthetic instinct no man will ever be a great mathematical discoverer” (p. 38). Though some studies 
(i.e. Hardy, 1940; Sinclair, 2004; Sriraman & Dahl, 2009; Sriraman, 2009b, 2005) claim that the aesthetic feeling 
plays a basic role in developing of mathematical knowledge, but it has been unclear how it might contribute to the 
teaching and learning of mathematics. Maybe this ambiguity is due to the truth that mathematicians’ aesthetic 
assertions have been insufficiently studied, making it difficult for mathematics educators to distinguish any possible 
pedagogical benefits.  Also Poincaré (1948) asserted that all true mathematicians recognize the real aesthetic feeling 
such as harmony of numbers or elegance of geometry. Sriraman (2009b) states that many reputed creators including 
mathematicians have frequently reported the aesthetic appeal of creating a beautiful idea that ties together 
apparently unrelated ideas, links ideas from different areas of mathematics or uses an atypical creative technique. In 
mathematics, Georg Cantor’s argument about the uncountability of the set of real numbers is an often quoted 
example of an exceptional and atypical counting technique (Sriraman& Dahl, 2009; Sriraman, 2009b, 2005). Other 
examples can be Euclid’s proof of the infinitude of prime numbers and Pythagoras’ proof of the irrationality of  
(Hardy, 1940). Both proofs are simple but beautiful. Also, Sinclair and Crespo (2006) claim that the aesthetic 
dimension of mathematics is essential in mathematical thinking and creativity and should be an integral factor in 
teaching and learning mathematics. For this purpose, teachers must be able to emphasize the aesthetics of 
mathematics in creative mathematical activities. Sinclair (2004) believes that it is both feasible and desirable to 
incorporate aesthetic notions into the mathematical activity of students. Also, he states that students should 
experience mathematical beauty and believes that experiencing mathematical beauty not only has a positive effect 
on students’ motivation for the study of mathematics but also a positive effect on students’ attitudes towards 
mathematics. She expresses that the aesthetic feeling of students towards a mathematical problem gives them the 
feeling of security and success. In this way, students are encouraged to take risks and see a problem from different 
aspects. 
5. Conclusion 
Traditionally, art and literature are the areas in which creativity has been developed, but nowadays doing science 
has also been considered as a creative act. In the art and literature, it is generally enough to create an extraordinary 
and novel work, but a creative scientific idea needs to be not only novel but also useful because the nature of 
mathematics makes it suitable to be used as a scaffold for enhancing creativity.  Mathematical creativity is a 
dynamic property of the human mind that can be enhanced and should be valued. It can be strengthened or it may be 
ignored. One of the aims of mathematics educators is to take into account the development of mathematical 
creativity. For this purpose, teachers should provide plenty of opportunities for students in the math classes to think 
like a novice mathematician. However, there is not a formal theory or procedure that owning it enables the students 
to think and to work as a mathematician and to play their role in reconstructing mathematics ideas on their own. So, 
it is important to know about how mathematicians create their new ideas in mathematics and what sort of process 
takes place in order for mathematical creativity to occur.  Students should be encouraged to engage in challenging 
problems independently for a prolonged period of time and become familiar with the real work of mathematicians 
(Sriraman & Lee, 2011). But this aspect of learning mathematics is neglected in the classroom. In the statements of 
Richard Skemp, “current approaches to undergraduate teaching tend to give students the product of mathematical 
thought rather than the process of mathematical thinking” (Tall, 1991, p. 3). 
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